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Executive Summary

An understanding of impervious cover isimportant for
watershed managersfor several reasons. First, imper-
vious cover is an important indicator of watershed
hedlth, and a knowledge of current or future impervi-
ous cover in a subwatershed can be used to predict
stream quality, and manage future land use to protect
stream quality. Second, impervious cover is a criti-
caly important variable in most hydrologic and water
quality models used to analyze urban watersheds, re-
gardless of whether they are smple or complex.

Despite its importance, watershed managers have had
to rely on imprecise and uncertain estimates of the re-
lationships between urban land uses and impervious
cover. To fill this gap, the Center for Watershed
Protction analyzed 210 polygons of homogeneous land
usefromthe GIS systemsof four Chesapeake Bay com-
munities. The study was designed to obtain more pre-
cise estimates of the mean impervious cover associ-
ated with 12 common urban land use categories.

The four communities sampled as part of this study
were Baltimore County (MD), Howard County (MD),
James City County (VA), and Lancaster County, (PA).
The development patterns in these counties tend to be
suburban in nature, and most of the polygons sampled
had been congtructed since 1970. Consequently, the
impervious cover estimates reported here primarily
apply to recent suburban development, and may not be
transferable to ether highly urban areas or develop-
ments that predate World War 1l. In addition, the ma-
jority of land use polygons andyzed in this study used
conventiona development design, as opposed to more
innovative techniques that incorporate better site de-
sign techniques such as cluster development that mini-
mize impervious cover. Consequently, if widespread
implementation of better Site design techniques is an-
ticipated within a locae, it will be necessary to adjust
these numbers downward. Lastly, large freeways and
limited access arterials were not included in sample
polygons. If theseare present or planned withinagiven
watershed, their contribution to impervious cover must
be calculated separately.

Given these limits, the impervious cover estimates
within each land use category exhibited relatively little
variation, as indicated by the small standard errors as-
sociated with the group means. Statistical analysis
demonstrated that the land use/impervious cover esti-

mates were very similar within the same zoning cat-
egory among the four counties sampled. A dtatigtically
significant difference between anindividua county and
its cohorts was detected in only five out of 48 com-
parisons. The differencesthat occurred weretypically
found for low density residential zoning categories in
counties that had unusually generous open space re-
quirements.

The impervious cover estimates for individual subur-
ban land use categoriesin the Chesapeake Bay are pro-
vided in the summary table on the following page.

The ingtitutional and open urban land categories ex-
hibited greater variability in impervious cover than
other land use categories. The primary reason being
the wide range of devel opment types that occur within
these loosely defined categories. More specific esti-
mates for impervious cover were derived for schools,
churches, and municipa operations in the institutiona
category. Similarly, significant differences were de-
tected in the most common components of open urban
land: cemeteries, parks, and golf courses.

Since the individual components of impervious cover
were directly measured in this study, it was possible to
determine what percentage of the urban landscape was
devoted to building footprints (i.e., people habitat), as
compared to streets, driveways and parking lots (i.e.,
car habitat). Car habitat exceeded the building foot-
print in every urban land use category, ranging from
55% to 75% of the total impervious surface areafor a
site. Thisfinding suggests that better site design tech-
niques that reduce the amount of car habitat have the
most potential to reduce the mean impervious cover
associated with that land use category.

A simple four-step procedure was developed to use
these new impervious cover relationships to produce
reliable estimates of future impervious cover within a
watershed. Firgt, large areas of known unbuildableland
must be subtracted from the watershed area. These
include large tracts of land in floodplains, wetland ar-
eas, stream valleys and magjor conservation areas. Sec-
ond, the future land use digtribution for the built and
buildable portions of the watershed are multiplied by
the impervious cover factors to yield a provisona es-
timate of future impervious cover. Next, the contribu-
tion of impervious cover from any existing or planned
freeways and limited access arteria roads must be cal-
culated based on their length and width. In the last
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Sample Mean Car
Land Use Number Impervious | Habitat*
Category (N) Cover (SE) (%) Notes
Agriculture 8 19+03 56
High variability, range =
Open Urban Land 11 86+ 164 65 2410215
2 AcrelLot Counties variable, range
Residential 12 | 106206 | ©» =8710127
1AcrelLot
Residential 23 14.3+£0.53 65
Y2 Acre Lot
Residential 20 21.2+0.78 60
1/4 Acre Lot
Residential 23 27.8 £ 0.60 56
1/8 Acre Lot
Residential 10 326+ 16 56
Townhome
Residential 20 409+ 1.39 55
Multifamily
Residential 18 444+ 20 61 Apartments/condos
I High variability, range =
Institutional 30 34.4 + 3.45 67 8410820
Light Industrial 20 534+28 67 No heavy industry
Commercial 23 722+ 20 72 No regional malls

*percent of total impervious surface allocated to streets, driveways, and parking lots

step, the percentage of imperviousnessis calculated. This
standard method for estimating existing and future imper-
vious cover should be useful for both watershed planners
and watershed researchers.

While this project achieved its primary objectives, further
impervious cover research would be helpful for both plan-
ners and engineers. Three key issues merit further inves-
tigation. First, does the age of development influence the
basic land use/impervious cover relationship (e.g., pre
World War 11, vs. 1960s vs. 1990s)? Second, how much
would impervious cover estimates be reduced in a com-
munity if it employs better site design techniques, such as
open space or cluster residential subdivisions? Too few of
these kinds of developments were available within our
study design to address this important management ques-
tion. Third, are there consistent patterns in the types of
pervious areas found within an urban land use category
such as forest, meadow, turf, landscaping, lawns, and ex-
posed soil? Differences in pervious areas are difficult to
distinguish within digita orthophotos, so this would require
greater ground truthing as the capability of some GIS data

are limited to this point.
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1.0 Introduction

Recent research has revealed a strong relationship be-
tween impervious cover and various indicators of
stream quality (MCDEP, 2000; CWP, 1998; Maxted
and Shaver, 1996; Schueler, 1994; Booth and Reinelt,
1993, Arnold and Gibbons, 1996). The Center for
Watershed Protection (hereafter, the Center) used this
relationship to develop the “Impervious Cover Model,”
which is illustrated in Figure 1.1. The Impervious Cover
Model is based on more than 40 scientific studies and
identifies thresholds of impervious cover that corre-
spond to general stream health. In many regions of the
country, as little as 10% watershed impervious cover
has been linked to stream degradation, with the degra-
dation becoming more severe as impervious cover in-
creases (Schueler, 1994). The Impervious Cover Model
is a planning tool that enables an initial screening of
the condition of a watershed (based on impervious
cover) and provides a classification system with man-
agement options to address the protection and mitiga-
tion needs of a watershed.

Studies that link impervious cover to stream condition
typically show that impacts to a stream fall into four
general categories: hydrologic impacts, geomorphic
impacts, water quality impacts, and biological impacts.
More specifically, when porous land is converted to

impervious cover, a greater fraction of annual rainfall
is converted to surface runoff, and a smaller volume
recharges the groundwater. This increased surface run-
off volume causes higher peak flows that erode stream
channels, and lower baseflow, resulting in habitat deg-
radation. In addition, surface runoff carries a suite of
pollutants that degrade water quality. Research also
suggests a link between impervious cover and the di-
versity, richness and abundance of aquatic life. A com-
plete literature review of this relationship between im-
pervious cover and stream quality can be found in Ap-
pendix A, which summarizes 43 studies including re-
cent research that generally confirm the Impervious
Cover Model by documenting the impacts of storm-
water on streams and receiving waters.

More and more local communities are beginning to use
impervious cover as an indicator tool in their local plan-
ning, zoning, and watershed analysis efforts as a result
of the compelling scientific evidence. Impervious cover
is also a critical input variable in many water quality
and quantity simulation models, such as the Storm
Water Management Model (SWMM), the Hydrologic
Simulation Program Fortran (HSPF) model, and the
Source Loading and Management Model (SLAMM),
as well as engineering models such as the Simple
Method, TR-55, and TR-20 (Huber et al., 1988; Al-
Abed et al., 1995; Pitt and Vorhees, 1989; Schueler,
1987; USDA, 1986 and 1982).
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Figure 1.1 - The Impervious Cover Model (CWP, 1998)
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To date, most of the research on impervious cover has
focused on defining levels at which impacts to the
stream become evident. Less effort has been expended
on researching methods to accurately measure exist-
ing impervious cover or project future impervious cover
in an urbanizing landscape. In addition, many of the
land use/impervious cover relationships developed by
researchers in the past are becoming outdated and may
not be transferable to all regions of the country or all
development patterns. These relationships are particu-
larly important when it comes to estimating future im-
pervious cover.

With the advent of Geographic Information Systems
(GIS), the utility of impervious cover as an indicator is
even more valuable due to the relative ease and accu-
racy with which it can be calculated and tracked. Us-
ing this advanced technology, there are opportunities
to update and improve land use/impervious cover rela-
tionships that provide a greater level of accuracy to the
watershed assessment and planning process.

The Center, under a grant provided by the United States
Environmental Protection Agency Chesapeake Bay
Program, conducted a two-part study with the primary
objective of developing more accurate and current land

use/impervious cover relationships. Part 1 of the study
involved a summary, based on existing research, of the
relationship between impervious cover and stream qual-
ity. In addition, techniques used by others to estimate
impervious cover were reviewed and summarized. Part
2 of the study involved analyzing existing Chesapeake
Bay Watershed GIS land use data to derive accurate
estimates of impervious cover in relation to various
land use categories (e.g., single family residential, com-
mercial, industrial, etc).

This report presents the findings and results of the study.
Section 2 describes the two most common techniques
for measuring impervious cover and presents case stud-
ies of applications of the various techniques. Section
3 details the ArcView GIS analysis that was conducted
to generate land use/impervious cover relationships for
the Chesapeake Bay, and section 4 presents the results
of the GIS analysis.
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2.0 Measuring Impervious Cover

Section 1 identified impervious cover as an important
indicator of stream quality based on the relationship
between the impervious cover in a watershed and vari-
ous hydrologic, biologic, chemical, and geomorpho-
logic measures of stream health. Therefore, the accu-
rate measurement of impervious cover is essential to
using this indicator as a watershed planning and man-
agement tool. While there are several methods to ar-
rive at current and future impervious cover, some are
more accurate than others. This section describes the
most commonly used methods of impervious cover
measurement. The four generally accepted techniques
include:

e Direct Measurement: Actually measures
impervious cover “on the ground”, including
rooftops, roads, and other paved surfaces

e Land Use: Estimates impervious cover based
on land use (e.g., low density residential, com-
mercial)

e Road Density: Estimates impervious cover
from road density (length of road per unit area)

e Population: Estimates impervious cover from
population data

The four techniques become progressively less accu-
rate and generally less expensive. Deciding which tech-
nique or combination of techniques may be best for a
subwatershed depends largely on the resources and data
available for the measurement. Although it is impor-
tant to accurately measure and forecast impervious
cover, it is equally important to measure it within the
available budget. Table 2.1 can help watershed man-
agers evaluate each technique based on four character-
istics:

e Effort/ Resources: How much time and
money does this technique require?

e Accuracy: How accurate is this measurement?

e Utility for Future Forecasting: Can I use this
technique to forecast future impervious cover?

e Utility to Address Better Site Design: Can
this technique reflect the use of site design tech-
niques that reduce impervious cover?

Table 2.1 - Choosing a Method to Estimate Impervious Cover
Utility for Utility to
Effort/ Future Address Better
Technique Resources Accuracy Forecasting Site Design When to Use
. GIS system in place
Direct ® Large b Ufiget . .
Measure @) o Q O . Ona 11m1teq basis as a foundation for
other techniques
. Very accurate measure is needed
Land Use D D o o . Moderate budget
. Moderate accuracy is needed
. Back of the envelope estimation
Road Density o 9 . Needs to be calibrated with another
method
. As a quick method to estimate
impervious cover increase to the
watershed (i.e., not at the
Population o 1 02 () @) subwatershed level)
. In combination with another method
to predict future impervious cover

@ Best (most accurate; least effort; can be used to forecast future impervious cover; can address better site design techniques)

D Moderate

OWorst

? Unknown

! Assumes that population forecasts have been completed
2More accurate for larger areas

Source: CWP. 1998
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By far the most accurate method of measuring imper-
vious cover is the direct measurement method; how-
ever, it is also the most expensive method. Therefore,
if accurate impervious cover/land use coefficients are
available from direct measure studies, the land use
method may be the best choice for measuring impervi-
ous cover in terms of cost, accuracy, and time. The
road density and population methods are not very ac-
curate when used alone and are often combined with
other methods. A more complete discussion of using
road density and population to estimate impervious
cover can be found in Appendix B. The direct mea-
surement and land use methods are described in fur-
ther detail below.

2.1 Technique 1: Direct Measurement

In the direct measurement technique, the area of all
rooftops, streets, sidewalks and other impermeable sur-
faces is measured in a subwatershed. The source of
these data can be on-site surveying, land use maps,
modeling from remote sensing satellite imagery, and
aerial photography. Aerial photos are the most com-
mon source, often in the form of digital orthophotos,
because they are relatively easy to obtain, less expen-
sive than satellite imagery, and can be very accurate.

Direct measurement is the most accurate as well as the
most time consuming and expensive method to mea-
sure impervious cover. This method has limited value
for estimating future impervious cover, except as a
baseline for assessing techniques that minimize imper-
vious cover in new development, such as better site
design'. Realistically, this technique cannot be used
throughout the watershed without a GIS system, and
full-time staff to convert or digitize the impervious
cover data. Typically, managers would need to con-
vert digital aerial photography into a GIS data layer
that identifies impervious surfaces (Figure 2.1). Once
this data layer is in place, the GIS can calculate the
impervious area, using a simple routine.

Several decisions must be made about what surfaces
to include as impervious cover as well as whether they
are 100% impervious. A distinction may or may not
be made between impervious areas that are hydrauli-
cally connected to a drainage system such as most drive-
ways and streets, and those impervious areas that have
been disconnected from the system, such as rooftops
that drain to pervious lawn areas. If only impervious
surfaces that are directly connected to the drainage sys-
tem are measured, this is referred to as the Effective
Impervious Area (EIA) (Sutherland, 1995). Another
issue is whether to take into account compacted soils
such as athletic fields or lawns, which may effectively
act as impervious surfaces by producing increased
amounts of runoff due to compaction by construction
equipment or years of heavy use. This may be diffi-
cult to measure, but can be accounted for by assigning
different imperviousness values to these land uses based
on studies of the infiltration capacity of compacted soils.
Finally, stormwater treatment practices such as ponds,
wetlands and bioretention areas may actually reduce
the impacts of impervious cover by reducing and treat-
ing runoff and intercepting it from the drainage collec-
tion system. This may be taken into account during
impervious cover measurement, particularly if the re-
sulting numbers will be used for hydrological analy-
sis.

Although this is called direct measurement, some as-
sumptions are needed to yield precise answers. For
example, MNCPPC (1995) made assumptions to ac-
count for the additional area of sidewalks and drive-
ways because of limitations in GIS data. Sidewalks
appeared only as lines in a GIS system, so all side-
walks had to be multiplied by a standard width to ob-
tain an area. Similarly, driveways did not appear in
the GIS system, so the average driveway area was added
to each single family detached house. In addition, it is
common to make some assumption regarding the im-
perviousness of non-paved areas, although this particu-
lar set of assumptions may not be appropriate every-
where. Similar assumptions may be needed to capture
smaller impervious areas that do not show up on GIS
systems or aerial photography, such as sheds, pools and
decks.

! Better site design is a fundamentally different approach to residential and commercial development that seeks to accomplish three goals: (1) reduce
the amount of impervious cover, (2) increase natural lands set aside for conservation, and (3) use pervious areas for more effective stormwater

treatment (CWP, 2000).




Impervious Cover and Land Use in the Chesapeake Bay Watershed

& ArcView GIS 3.2

Eile  Edit Miew Theme Graphics Window Help

ﬂ Parcek.shp =
[

ﬂ Padcing.zhp

: 1199045202
Scale 1] SRR ¥
ME E

ﬂ Buildings.shp

ﬂ Roads.shp

ﬂ Hydrology.s hp

2

ﬂ W atershp
L

ol

e

Figure 2.1 - ArcView GIS Impervious Cover Layers for Direct

Measurement Technique




Impervious Cover and Land Use in the Chesapeake Bay Watershed

Case Study 1: Direct Measure In Montgomery County, MD

(Source: MNCPPC, 1995)

Under an initiative known as the “Countywide Stream Protection Strategy,” Montgomery County, Mary-
land used a GIS system to calculate the impervious area of every subwatershed within the county.
Topographic maps were used to delineate subwatersheds, then GIS layers of impervious cover such as
parking lots, roads, building footprints and sidewalks were digitized from aerial photos. These data,
combined with biological assessments, were used to classify each subwatershed into a management
category that determines current and future management decisions. The future impervious area calcula-
tion was determined using standardized land use/ impervious cover relationships. One important note is
that this project was done on a county-wide basis, and continuous updating of the GIS system will be
necessary. The assumptions made during the impervious cover estimation process include:

* Each single-family detached lot has a 30 ft. x 15 ft. driveway
* Sidewalks have an average width of four feet

* Forest is 1% impervious

* Non-paved, non-forest land is 3% impervious

Case Study 2: Direct Measure in Connecticut

(Source: Prisloe et al., 2000)

An impervious cover study was conducted to derive land use-landcover (LULC) and impervious cover
relationships for potential application in estimating impervious cover throughout the northeastern United
States. Data used included GIS layers from 4 municipalities in Connecticut including buildings, roads,
driveways, sidewalks, parking lots, pools, tennis courts, and patios originally digitized from aerial photos.
Satellite-derived LULC data was classified into 1 of 28 LULC categories and overlaid with the impervi-
ous surface GIS data. Summary statistics were derived of the total area of each LULC category and the
total area of impervious cover within each LULC category. A second set of impervious cover coefficients
was calculated based on parcel size and zoning, which is useful for conducting zoning-based build-out
analyses that predict future impervious cover. Some assumptions made by this study include:

* There was no distinction between impervious cover and effective impervious area
* There was no distinction based on method of delivery to stormwater conveyance system
* Non-paved impervious surfaces were not included in the study

The results of this study are preliminary and once revised, are intended to improve the application of a
GIS-based model to estimate nonpoint source pollution impacts on stream quality. It is important to note
that the coefficients derived for each land use in this study do not include any impervious cover found
within the road right of way. Further research is needed to determine how to account for the contribution
of roads to the total impervious area.
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Case Study 3: Direct Measure in the Chesapeake Bay Watershed

(Source: CGIS, 2000)

This study, which is not yet completed, uses remote sensing, digital image processing and GIS to
educate local land use decision makers about the link between land use and water quality. Satel-
lite-derived impervious cover data for the Chesapeake Bay and Maryland Coastal Bays Water-
sheds will be clipped to watershed and county boundaries. The V-I-S model, which assigns values
for vegetation, impervious surfaces, and soil to the satellite image, will be used for the digital
image processing. The study also measures impervious cover in several jurisdictions using local
planimetric data and GIS to derive impervious surface coefficients for these jurisdictions for vari-
ous land use zoning and lot sizes. The latter analysis will serve as a calibration of the satellite data
analysis used for estimating impervious cover. The resulting land use-impervious cover coeffi-
cients and guidance on how to use them to predict future build-out conditions will be provided on
the CGIS website at http://www.towson.edu/cgis.

Case Study 4: Direct Measure in Grand Traverse County, MI

(Source: Harrison and Dunlap, 1998)

This study involved calculating impervious cover for the Mitchell, Acme, and Yuba Creek
watersheds in Grand Traverse County, Michigan. Areas not directly connected to the drainage
system were subtracted from the percent impervious calculations. Aerial photos were used
to digitize GIS layers of impervious cover including buildings, roads, driveways, and park-
ing lots. Percent impervious area was calculated for each subwatershed as well as for the
whole watershed. The results showed that all three watersheds had impervious cover per-
centages below the threshold of 10-20%. This data will be applied at the planning level to
help manage the impacts of future development.

2.2 Technique 2: Land Use

Often, a product of the direct measure technique is land
use/impervious cover coefficients. The land use tech-
nique uses these coefficients along with land use clas-
sification and zoning data (e.g., single family residen-
tial, commercial) to estimate impervious cover. To
determine the total impervious cover in a watershed or
subwatershed, the area of each land use is measured
and multiplied by an associated impervious coefficient.
Table 2.2 presents some examples of impervious cover
coefficients that have been derived over time for spe-
cific land uses.

Land use techniques are the most cost-effective way to
estimate impervious cover, although not as accurate as
direct measurement. Perhaps more importantly, land
use techniques are the primary method used to forecast
future impervious cover.

Traditionally, impervious area is linked to land use
using standardized values. However, there can be sig-
nificant variability among different sources of values
(see Table 2.2) for a given land use, which can limit
applicability and cause confusion as to which numbers
to use when estimating impervious cover. More spe-
cifically, there are several problems with the current
collection of impervious cover/land use data: the wide
range of values for a given land use among different
sources, the wide range of methods used to derive the
coefficients, differences in the types of regions in which
the studies were conducted, and study-specific limita-
tions to applying the data (i.e., some coefficients in-
clude only effective impervious area, some do not in-
clude roads, others were not derived us